Background: The medical home model has been gaining attention from the health care community as a strategy for improved outcomes for management of chronic disease, including diabetes. The purpose of this study was to compare referrals for diabetes education among patients receiving care from a medical home model versus a traditional practice.
One of the most effective interventions for diabetes is education regarding self-management. Diabetes education, as endorsed by the American Diabetes Association, is important both clinically and therapeutically for patients. 1 For example, diabetes education has been shown to improve blood glucose control. 2 The American Diabetes Association recommended in 2015 that all patients receive diabetes self-management education and support at diagnosis and thereafter as needed. 3 Several barriers to receipt of diabetes education are described in the literature. A report of Canadian primary care practices revealed that less than half of physicians made referrals, citing patient's low enthusiasm, lack of weekend and evening appointments, and inconvenience. 4 The most significant reason for patients not to attend diabetes education was a belief that their diabetes knowledge was sufficient. 5 In addition, some patients reported that diabetes treatment was solely the physician's responsibility. 5 Cultural barriers to diabetes care could also be considered, for example, as reported by physicians managing Hispanic patients in southwestern New Mexico. 6 Little or ineffective physician-patient communication, as well as a belief that the physician is the primary source for education, may also limit self-management education. 7, 8 Other general barriers include socioeconomic status (SES), cost of services, language, and transportation. 4, 7, 8 It has been proposed that the patient-centered medical home (PCMH) model, which embraces a team-based, interdisciplinary approach to patient care, is a good model of care for diabetes because care coordination, a whole-person approach, and care management allow for greater access and follow-up, among other benefits. 9 For instance, nonphysician team members can provide self-care education and care managers can track patients to ensure they follow referrals for diabetes education and other subspecialties. 9 The PCMH model is an form of primary care that focuses primarily on the patient, who is the center of a medical team; decisions are made between the patient, his or her family, and health professionals to ensure the patient's best interests are met. 10 The Agency for Healthcare Research and Quality divides the PCMH into 5 basic components: patient-centered, comprehensive, coordinated, accessible, and committed to quality and safety. 10 The benefits of the PCMH model are that the patient's needs are satisfied, the patient is able to access care with shorter waiting times, care is organized across all elements of the broader health care system, and the patient is educated on the basics of their health. 10 According to Bojadzievski and Gabbay, 9 diabetes would fit well into the principles of the PCMH given its high cost, well-demonstrated quality gaps, and robust evidence-based guidelines. Therefore diabetes care can easily be aligned with the core values of the PCMH with a focus on self-management, patient empowerment, and early recognition of the importance of patient-centered care. 9 The adoption of a PCMH is associated with reduced costs of diabetes care, 11 a finding partly driven by fewer emergency department visits and hospitalizations. A survey of Medicaid patients with type 2 diabetes indicated that as the patient rating of a medical home's performance increased, the odds of patients in that medical home receiving guideline-concordant diabetes care increased. 12 Both studies show that the benefits of a medical home may be biased by the providers who seek to make their practice a medical home. As eluded to by Wang et al, 11 these providers may be personally incentivized to aggressively pursue quality indicators more than nonmedical home providers. 11, 12 Because of the sparse literature on PCMHs and diabetes, and because of limitations related to provider self-selection to make their practice a medical home and subsequently adopt aggressive pursuit of quality indicators, we sought to expand the nascent research by using a retrospective cohort designone not biased by provider self-selection-to determine whether referral to diabetes education documented in the medical record was significantly more common among family medicine (FM) patients with prediabetes or diabetes who are enrolled in a PCMH compared with non-PCMH patients. Study variables were created from International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes, laboratory results, prescription orders, Current Procedure Terminology codes (a standard numeric coding scheme used in the United States to describe medical procedures), social history, vital signs, and EMR-specific indicators of referral to diabetes education. The PCPD Registry has been used in several clinical epidemiology and health services research studies, where additional details regarding the PCPD Registry are available. [13] [14] [15] [16] [17] The institutional review board approved the creation of this retrospective cohort and its use for primary care research.
Methods

Participants
We included in this study only patient encounters in FM because GIM does not have the PCMH program, and the demographic and clinical characteristics of GIM substantially differ from FM.
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Diabetes and Prediabetes Definitions
For this study, patients with prediabetes were defined by ICD-9-CM code 790.29 or an HbA 1c value of 5.7% to 6.4% (39 -46 mmol/mol); patients with type 2 diabetes were defined by the presence of an ICD-9-CM code (250.x0, 250.x2). Using these definitions, the study population included 962 patients aged 18 to Ͼ89 years, of whom 44.1% (n ϭ 424) had prediabetes and 55.9% (n ϭ 538) had diabetes.
Medical Home
Beginning in January 2011, the academic FM medical group opened a PCMH-model program in partnership with the university administration, which made the program available, on a voluntary basis, to all employees, spouses, and dependents. The medical home program receives a stipend from Human Resources to provide care management services. The stipend agreement required that beneficiaries receive access to a PCMH-model practice. Beyond the fixed stipend, there are incentives for meeting certain chronic disease measures (blood sugar control, depression screening, etc.) that are responsive to care management services. By meeting these measures, the program can achieve additional funding within the terms of the agreement.
The university employs approximately 4500 people and provides an employer-sponsored health insurance plan for about 7500 people. The PCMH program operated at 3 sites in the metropolitan area. By December 2013, 155 patients with prediabetes or diabetes were members of the medical home, and 807 patients with prediabetes or diabetes received non-PCMH care from the universityaffiliated family medicine practice.
Diabetes Education
Patients were coded as having been referred to diabetes education if they had in the EMR the institution-specific referral codes indicating either referral to a dietitian/nutritionist and/or referral to diabetic education. Indications for referral to diabetes education were generally a new diagnosis of diabetes, adherence challenges, and difficulty in achieving glycemic control.
Covariates
Covariates hypothesized to be associated with referral for diabetes education and correlated with medical home enrollment included demographic variables (age, sex, and race); diabetes management (A1c control, A1c tested, cholesterol tested, microalbumin tested); diabetes-related comorbidity (hyperlipidemia, hypertension, vascular disease); and risk factors for poor diabetes outcomes (obesity and smoking status). Detection bias (the volume of health care utilization) was also hypothesized to be associated with diabetes education; the more encounters with the health care system a patient had, the more likely a referral could be made.
The variable of race was re-coded as white or nonwhite. SES was determined based on the zip code of residence using an index that uses information from 7 measures of SES obtained from 5-year (2009 -2013) census estimates from the American Community Survey. 18 These 7 variables include the percentage of households with income below the poverty level, receiving public assistance, and with an annual income Ͻ$35,000; the percentage of adult men aged 20 to 64 years not in the labor force and those aged Ն25 years with less than a high school education; and the logs of the median household income and of the median value of single-family homes. 18 Based on the SES factor score distribution in the PCPD Registry, eligible patients were assigned into quartiles (eg, lowest, low-middle, upper-middle, and highest SES).
We classified A1c as controlled (A1c Ͻ7% [Ͻ53 mmol/mol]), uncontrolled (A1c Ն7% [Ն53 mmol/ mol]), or unknown. Health care utilization was measured by the average number of clinic visits per month for each patient; it was modeled as a binary variable measuring high utilizers (top 25% of primary care office visit frequency among all included patients) versus non-high utilizers (bottom 75% of primary care office visit frequency among all included patients). ICD-9-CM codes were used to define the presence of hyperlipidemia (272.0 -272.4), hypertension (401.x), and vascular disease (402-405, 410 -417, 420 -429, 430 -438). Obesity was defined by body mass index Ն30.0 kg/m 2 and/or an ICD-9-CM diagnosis (codes 278.00 and/or 278.01). Smoking status was obtained from the patient's social history or an ICD-9-CM diagnosis for nicotine dependence (V15.82, 305.1) and categorized as never, past, or current.
Analysis
All analyses were conducted using SAS version 9.4 (SAS, Inc., Cary, NC). The prevalence of covariates was calculated and compared between those referred and not referred to diabetes education and between medical home and non-medical home patients using 2 or independent-samples t test. A crude bivariate odds ratio and 95% confidence interval for the association of medical home and referral to diabetes education was calculated using binary logistic regression. Variables with bivariate associations (P Ͻ .05) with both medical home and diabetes referral were included in a multivariable model used to calculate adjusted odds ratios.
Results
Characteristics of non-medical home and medical home patients are shown in Table 1 . Non-medical home patients were significantly older, on average, than medical home patients (P Ͻ .0001). White race was significantly more common among medical home patients than in non-medical home patients (P Ͻ .0001). About two-thirds of both medical home and non-medical home patients were women. Medical home patients were less often in the highest and lowest SES quartiles compared with non-medical home patients and were more often in the upper-middle SES quartile (P ϭ .011). Among medical home patients (n ϭ 155), 50.3% had prediabetes and 49.7% had type 2 diabetes. Non-medical home patients (n ϭ 807) had a lower prevalence of prediabetes (42.9%) and a higher prevalence of type 2 diabetes (57.1%). A significantly higher prevalence of medical home patients were referred to a dietitian/diabetes educator compared with non-medical home patients (23.9% vs 13.5%; P Ͻ .0001).
Medical home patients were more likely to be high health care utilizers (P ϭ .003), less likely to have vascular disease (P ϭ .08), and more likely to be obese (P ϭ .011) compared with non-medical home patients. The prevalence of diabetes quality indicators (HbA 1c tested, cholesterol tested, and microalbumin tested) did not significantly differ between medical home and non-medical home patients. The prevalence of diagnoses of hyperlipidemia and hypertension and smoking status did not significantly differ between medical home and nonmedical home patients.
Patient characteristics by referral to diabetes education are shown in Table 2 . Patients with diabetes were referred more often than patients with prediabetes (P Ͻ .0001). Nonwhite race and high clinic utilization were significantly more common among those referred compared with those not referred (P Ͻ .0001). Patients referred to education were evenly distributed across SES quartiles but, compared with nonreferred patients, those receiving a referral were less often from the highest SES group (P Ͻ .001).
Referred patients were significantly more likely to have a diagnosis of hypertension (P ϭ .019) and to be obese (P Ͻ .0001). Patients referred to diabetes education were significantly more likely to have had HbA 1c (P ϭ .002), cholesterol (P ϭ .29), and microalbumin (P Ͻ .0001) tested. Referred patients were also significantly more likely to have uncontrolled HbA 1c (P Ͻ .0001).
The results of crude and adjusted logistic regression models are shown in Table 3 . The unadjusted bivariate association of medical home and diabetes referral shows that medical home patients had twice the odds of referral to diabetes education than non-medical home patients (odds ratio [OR], 2.01; 95% confidence interval, 1.32-3.06). After adjusting for diabetes versus prediabetes, race, SES, volume of health care utilization, vascular disease, and HbA 1c control, being in the medical home was significantly associated with a greater odds of referral to diabetes education (OR, 2.70; 95% confidence interval, 1.68 -4.33). All covariates except vascular disease were positively associated with referral to diabetes education.
Discussion
We observed a significant association between enrollment in the medical home and referral to diabetes education among a cohort of 962 patients with prediabetes and diabetes. Even after control- ling for HbA 1c levels, SES, and health care utilization, medical home patients were 2.7 times more likely to be referred than non-medical home patients. We are not aware of previous studies of medical home participation and referral to diabetes education in practices caring for both medical home and non-medical home patients. However, our results are consistent with prior studies indicating that patients who perceive care consistent with a high-performing medical home were significantly more likely to be referred to diabetes education. 12 The association between medical home and diabetes education is also consistent with evidence that the cost of diabetes care is lower for medical home patients. 11 The largest source of cost savings (44%) associated with managing diabetes in a medical home is the reduction in hospitalizations. 11 We speculate that diabetes education contributes to cost savings because education programs for diabetes have been reported to result in fewer emergency department visits and hospitalizations. 19 The current evidence suggests that the medical home itself, independent of patient illness, accounts for referral to education. First, the OR obtained for the effect of medical home status remained significant after controlling for covariates, several of which were more prevalent among non-medical home patients and were positively associated with diabetes education. Specifically, diabetes compared with prediabetes, nonwhite race, and uncontrolled HbA 1c were all more prevalent among non-medical home patients and positively associated with referral to diabetes education.
These results are similar to those of our previous study in which we determined that African American patients were more likely than whites to receive referrals to diabetes education in a larger GIM ϩ FM patient sample. 13 As in the current study, we found that African American race, uncontrolled HbA 1c , diabetes versus prediabetes, and higher health care utilization were associated with greater odds of referral to diabetes education. While the current study indicates better performance by the PCMH, the percentage of PCMH patients with diabetes or prediabetes who received a referral reached was merely 23.9%. Clinical staff acknowledge that there is substantial room for continued improvement. The results indicating a greater odds of referral for patients with diabetes compared with prediabetes and for those with uncontrolled versus controlled HbA 1c , suggest that health care providers may be waiting until HbA 1c levels are elevated to make referrals to diabetes education. The promotion of early education for patients who have prediabetes or lower HbA 1c levels may be an important indicator of a preventive approach by a PCMH.
There are several potential causes for the higher prevalence of referrals to diabetes education among the medical home patient population. First, 1 of the central tenets of the PCMH model is coordination of care 20 ; open communication and close proximity between the diabetes educator and the primary care provider makes ongoing referrals more likely. Second, in model described here, patients are identified as members of the medical home program using a marker within the EMR; this visual cue may increase the likelihood of referral simply by reminding the provider that the patient is a member of the program. 21 Finally, medical home described here provided contractual encouragement to improve chronic disease management; because of this, staff may have been more likely to encourage providers to refer such patients. This incentive complicates the interpretation of our results because we are unable to determine which component of the medical home, including incentives from Human Resources, influenced provider decisions to refer patients to diabetes education.
Limitations and Conclusions
Medical homes in FM may result in improved patient education about diabetes self-management and subsequently improve diabetes outcomes. The results presented here should be interpreted in the context of several limitations. Our data contain only referrals, and we do not know what percentage of patients actually made a visit to a diabetes educator, nor the number of visits. It is also possible that providers discussed diabetes education without recording a referral in the EMR. Such misclassification should have minimal impact on our findings because it would be rare and random among both medical home and non-medical home patients. Patient data are limited to a Midwestern metropolitan area and to academic medical practice clinics, and it is not known whether results from other parts of the United States and nonacademic settings would be similar. Future studies are needed comparing large numbers of medical homes implemented with and adherence to the same structure to confirm our findings and to determine whether our results apply to both academic and nonacademic medicine. The eligible patient population for medical home enrollment was limited to the university's employees and their dependents, which limits generalizability, most notably to populations with employer-sponsored health insurance and known coverage for diabetes education. The crosssectional nature of our study does not allow conclusions about causality.
Conclusion
The choice of provider and to enroll in a medical home is not random. Factors that contribute to choosing a medical home for primary care, such as a personal orientation toward health, might contribute to seeking referral to diabetes education. Future longitudinal designs that match characteristics medical home to non-medical home patient will provide strong evidence to determine whether referral to diabetes education is due to the medical home model of care, independent of confounding factors.
